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(54) Title: BREAKAWAY VALVE 




(57) Abstract 



A frangible or breakaway valve for use in a flexible tube. The valve comprises two parts: a tubular portion (24) with aclo- 
sed end (26) and an elongated, generally rigid handle (28) breakably attached to the closed end. The elongated handle has pro- 
jections (30) which frictionally contact the interior surface of the flexible tube (22) and prevent the elongated handle from mo- 
ving back into a closed position once the elongated handle has been broken. The valve may be used in conjunction with tubing 
and a plastic container ( 10) of dialysis solution. The valve is opened by breaking away the elongated, generally rigid handle and 
moving "walking" the rigid handle down the tube by folding the tube back and forth upon itself. The projections on the rigid 
breakaway handle have sufilcient frictional contact with the inside of the tube to assure that the handle will not move back into 
contact with the tubular portion, and the valve will remain open. 
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BREAKAWAY VALVE 

Background of the Invention 

This invention relates to an improved frangible or 
breakaway valve in a flexible circular tube, principally 
for use in conjunction with a peritoneal dialysis 
solution container or blood bag. 

Currently, the most widely used method of kidney 
dialysis for treatment of End Stage Renal Disease 
(ESRD) is "hemodialysis." Here, the patient's blood is 
cleansed by passing it through an artificial kidney in 
an artificial kidney dialysis machine. By the process 
of diffusion across a semipermeable membrane in the 
artificial kidney, impurities and toxins are removed 
from the patient's blood to thereby perform a function 
15 of the patient's natural kidneys. Hemodialysis is 

required several times a week, each dialysis reouiring 
several hours in a dialysis center or at home. During 
.dialysis, the patient is "tied" to the machine by 
venous and arterial blood lines which convey his blood 
to and from the artificial kidney. 

Although used less frequently than hemodialysis, a 
procedure known as "intermittent peritoneal dialysis" 
is an accepted method for treating ESRD . in this proce- 1 
dure, a dialysis solution is infused into the patient's 
peritoneal cavity by means of tubing and a catheter. 
The peritoneum, which defines the peritoneal cavity, 
contains many small blood vessels and capillary beds 
which act as a natural semipermeable membrane. This 
natural membrane may be contrasted with the artificial 
30 membrane used in hemodialysis. In both cases, however, 
impurities and toxins in the blood are removed by 
diffusion across a membrane - a cellulose membrane of 
an artificial kidney or a peritoneal membrane of a 
peritoneal cavity. 
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In intermittent peritoneal dialysis, dialysis 
solution remains in the patient's peritoneal cavity for 
a time sufficient for blood impurities to be removed by 
diffusion across the peritoneal membrane into the 
5 dialysis solution. The impurity containing dialysis 
solution then is drained from the peritoneal cavity by 
means of the catheter and tubing, and a fresh supply of 
dialysis solution is infused. Intermittent peritoneal 
dialysis utilizes pumps or other auxiliary equipment to 

10 which the patient is "tied" during dialysis; here also 
the patient must remain sedentary. 

Continuous ambulatory peritoneal dialysis is 
another type of peritoneal dialysis which uses the 
peritoneum as a semipermeable membrane. This procedure 

15 has the important advantage, however, of enabling the 
patient to be ajnbulatory and conduct a normal routine 
during dialysis. The patient is not "tied 11 to a machine 
and he must be sedentary only for the time period 
required to drain and infuse dialysis solution from and 

20 into the peritoneal cavity. This infusion and draining 
is handled by tubing and a surgically implanted, in- 
dwelling catheter in the patient's abdominal wall and 
in communication with his peritoneal cavity. 

The continuous ambulatory peritoneal dialysis pro- 

35 cedure is intended to be a patient self-care technique 
once the catheter is surgically implanted. Thus, it is 
important that the apparatus involved, e.g., tubing and 
solution container, be simple and easy to use. The 
present invention is intended to simplify the procedure 

30 for infusing dialysis solution into the peritoneal 

cavity. The invention concerns a novel breakaway valve 
in the tubing which is attached to or may be a part of 
the peritoneal dialysis solution container. 

Breakaway valves in flexible tubes for use in 

35 blood bags are known in the art. The prior art valves 

typically consist of two parts:' a hollow tubular portion 
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bonded to the interior of a flexible tube and a rigid 
breakaway portion or handle integral with the hollow 
tubular portion. The handle is breakable by manual 
manipulation. After breaking, it moves away from its 
interface with the tubular portion and fluid can flow 
past it and through the tubing. 

An example of a frangible valve in a blood bag is 
shown in Yoshino U.S. Patent 4,007,738. Here the valve 
is opened by manually breaking a reduced annular section 
to effect fluid flow within the blood bag tubing the 
breakaway portion floating freely within the tube 
Another frangible valve used in a blood bag is shown 
in French Patent 2,098,873. Here the breakaway portion 
falls into the blood bag. m U.S. Patent Application 
15 Serial No. 876,790 of Edward L. Bayhaun, et al . filed 
February 10, 1978; U.S. Patent Application Serial No 
015,395 of Carter, et al . . filed February 26, 1979; and 
U.S. Patent Application Serial No. of Elvis E 

Adams filed „ii ^ ^ 

, ail owned by the assignee 

of this application, frangible valves for flexible 
tubes in conjunction with blood bags are disclosed. 
These three patent applications show frangible valves 
of various embodiments, some with locking hold-open 
means. m all prior art breakaway valves, fluid flow 
25 is in one direction only. The force of the fluid flow 
tends to push the broken away part of the valve away 
from the opening. In practicing the continuous ambula- 
tory peritoneal dialysis procedure fluid flow will be 
in two directions — one direction during infusion, and 
the opposite direction during drain. 

Some disadvantages of the known frangible valves 
include: (l) Uie inability to assure that the breakaway 
portion will remain in an open position after being 
broken, (2) the complex configuration required to lock 
the breakaway portion in a hold-open position, and (3) 
the difficulty in manually breaking the valve and 
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moving it: to an open position. The latter disadvantage 
is particularly significant when a person does not have 
good manual dexterity or strength. 

Thus, there is a need to provide a frangible valve 
5 in a flexible tube which can be easily broken and moved 
to and remain in an open position. A valve configuration 
which is simple in design is also desirable for ease of 
molding and manufacture. 



10 plastic bags, and the development of continuous ambula- 
tory peritoneal dialysis, a simple frangible valve for 
use by patients in establishing flow from a peritoneal 
dialysis solution bag via tubing and a catheter to the 
patient's peritoneal cavity is desired. A simple 
15 effective frangible valve which after breaking will 

remain locked in a hold-open position would, in addition 
to its potential use in blood bags, be important, 
particularly from a patient self-care standpoint, when 
practicing continuous ambulatory peritoneal dialysis. 
20 It is, therefore, an object of this invention to provide 
an improved frangible valve in a flexible tube which has 
a simple, effective hold-open feature for use in peri- 
toneal dialysis solution bags for continuous ambulatory 
peritoneal dialysis patients, is easy to open,* and easy 
2:> to move to a hold-open position. 

Breaking of the valve of this invention is done by 
bending the exterior of the flexible, circular tubing 
back upon itself at the point where the handle joins 
the closed end of the tubular portion. The initial 
30 bending action, and subsequent bending, will "walk" the 
handle down the tube and away from the now opened 
tubular portion. Ease of breaking is important for the 
practice of continuous ambulatory peritoneal dialysis 
because of the large number of patients with limited 
35 physical capacity because of poor eyesight, weakness, 

arthritis and the like. This invention also is particu- 
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larly advantageous for use by children and geriatric 
patients for these same reasons. 

The valve of this invention remains in a hold-open 
position because of projections on the handle. They 
fictionally contact the interior of the flexible tube- 
they tightly grip or "bite" into the soft, flexible ' 
tubmg. some of the known breakaway valves used in 
blood bags have provided for frictional contact at a 
special reduced conical section in the tube. The valve 
of this invention eliminates the need for any special 
insert or section (conical, or otherwise) in the tube to 
hold the broken away handle. The size of the flexible 
circular tubing can remain constant, unlike existing 
blood bag valves with hold-open means in which the 
valve is locked into a conical section of tubing of re- 
duced cross section. 

Summary of the Invention 

The frangible valve of the present invention com- 
prises two integral parts: an elongated, generally 
rigid handle and a tubular portion with a closed end 
integral with the handle. The elongated handle carries 
outwardly extending projections for frictional contact 
with the interior surface of a flexible circular tube 
A frangible zone of weakness is located at the junction 
of the tubular portion and the elongated handle. When 
broken by exterior manipulation, the handle moves 
away from the tubular portion and takes a portion of 
the closed end with it, thereby permitting flow in the 
tube . 

The frangible zone of weakness may be an annular 
line of tearing weakness, or may result from the geo- 
metry of the tubular portion and handle without need 
for a specially formed line of tearing weakness. The 
preferred valve is breakable by exterior manual mani- 
pulation, accomplished by bending the flexible tube 
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back upon itself causing the rigid breakaway handle to 
"walk" down the flexible tube away from the valve 
opening. 

As the rigid handle is broken away in the tube, 
5 the handle is "walked" down in frictional contact with 
the interior surface of the tube. This allows the valve 
to remain in an open position and permits uninterrupted 
fluid flow as the projections on the handle "bite" into 
the tube and prevent the handle from moving back toward 

10 the previously closed end. The position of the handle 
remains fixed regardless of the direction of fluid 
flow through the valve in the tube. The frictional con- 
tact is sufficient to prevent the valve from acciden- 
tally closing because of the "biting" action of the 

15 projections on the handle. The frictional fit of the 
projections within the flexible tube is a simple means 
of assuring that the valve remains open, this simplicity 
distinguishing it from prior valves which lock in an 
open position by means of a locking configuration diffi- 

20 cult to fabricate and which because of their design can 
only be assured to permit uninterrupted flow in one 
direction. 

Brief Description of the Drawings 

Other objects, features and advantages of the 
25 present invention will become more fully apparent from 
the following detailed description of the preferred 
embodiment, the appended claims and the accompanying 
drawings in which: 

FIGURE 1 is a view of a solution container for 
30 using the valve of the present invention in the outlet 
port of the container; 

FIGURE 2 is a greatly enlarged view of the pre- 
ferred embodiment of the valve of this invention, in 
conjunction with the sol.ution container of Figure 1, 
35 with some of .the parts shown in longitudinal section; 
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FIGURE 3 shows the valve in the open position; 
FIGURE 4 is a perspective view, with portions 
broken away, of the valve of this invention; 

FIGURE 5 is an end view of the valve of this inven- 
tion viewed from the elongated, generally rigid handle 
to the tubular portion; 

FIGURE 6 is a fragmentary, perspective view showing 
a tube integral with a solution container, a portion of 
the tube shown in cross section, the valve of this inven- 
tion in the tube shown being opened by manual exterior 
manipulation; . 

FIGURE 7 is a view of an alternative embodiment of 
the valve of this invention in a flexible tube, with some 
of the parts shown in longitudinal section; and 

FIGURE 6 is an end view of the embodiment of Figure 
7 showing the elongated, generally rigid handle in fric- 
tional contact with the interior of a flexible tube. 

Detailed Description of the Preferred Embodiment- 

The preferred embodiment of the valve of this in- 
vention is illustrated by way of example in Figures 2-5. 
Figure 1 shows the valve in a preferred embodiment, that 
is, the outlet port of a peritoneal dialysis solution 
container. The valve may be positioned, however, any- 
where within the tubing connecting the dialysis solu- 
tion container to the catheter implanted in the patient. 

Referring to Figure 1, a peritoneal dialysis solu- 
tion container 10 is shown with a tubular outlet port 
12 and a tubular medication injection port 14; both 
ports are in communication with the inside of the solu- 
30 tion container 10. The frangible valve of the invention 
is shown interiorly fitted in port 12. It has a tubu- 
lar portion 24 and an elongated, generally rigid handle 
28 extending from and integral with the closed end 26 
-of tubular portion 24. Tubular portion 24 is sealed 
into outlet port 12 by means of a solvent bonding, heat 
bonding or other- bonding techniques known in the art. 
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Referring to Figures 2-5, the valve is shown by 
way of example with a peritoneal dialysis solution con- 
tainer 10 which has a flat seal 20 which seals a flexi- 
ble circular tube 22 (port 12 of Figure 1) in communi- 
5 cation with the interior of container 10, 

Sealed within the distal end of flexible tube 22 
is a tubular portion 24, having a closed end 26. 
Closed end 26 has extending from and integral with it 
an elongated, generally rigid handle 28, Closed end 26 

10 has an annular zone of weakness 27 to facilitate 

breaking the handle 28 from tubular portion 24 thereby 
opening the valve. Tubular portion 24 and handle 28, 
which form the valve, are preferably a molded, chemi- 
cally inert, rigid plastic. The plastic of the pre- 

15 f erred embodiment is polyvinyl chloride. 

Handle 28 includes a plurality of outwardly ex- 
tending projections 30 which frictionally fit within 
the interior of flexible tube 22. Projections 30 dig 
into the interior of tube 22 and hold the handle 28 in 

20 position after it is broken away from closed end 26. 

This assures that fluid can flow in two directions, one 
way for infusion of dialysis solution and' the opposite 
way for drainage, without the handle moving back into 
contact with the closed end 26 and blocking flow. The 

25 fractional fit of the handle projections 30 in the 

walls of tube 22 distinguish the valve of this inven- 
tion from prior art valves. 

The valve of the present invention may be opened 
manually by manipulating flexible tube 22 at the 

30 valve's annular zone of weakness 27. By bending 

flexible tube 22 back upon itself at the valve's annu- 
lar zone of weakness 27, handle 28 is broken away from 
tubular portion 24 and takes a portion of closed end 26 
with it. Continued bending moves handle 28 toward the 

35 proximal end of tube 22, in effect, "walking" it toward 
solution container 10. The frictional projections 30 
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are spaced from each other to avoid adversely affecting 
fluid flow within the flexible tube. 

The valve could also be oriented in the tube 22 
such that the handle would be walked away from, rather 
5 than toward, the container 10. 

Referring to Figure 6, a partial perspective view 
is shown with tube 22 shown in partial cross section. 
Hands are shown bending the tube 22 to break handle 28 
from the valve. Tubular portion 24 of the valve 

10 remains in place within flexible tube 22 since it is 

bonded to the interior of flexible tube 22. Outwardly 
extending projections 30 of rigid handle 28 
maintain frictional contact with the interior of 
flexible tube 22 as the valve is opened and the rigid 

15 handle is "walked" down the tube by manual bending and 
releasing of flexible tube 22. The force created by 
folding the tubing back upon itself "walks" handle 28 
down tube 22 where it remains after the force is re- 
leased. Handle 28 can be "walked" further down tube 

20 22 by again folding tube 22 back upon itself and 

releasing. Projections 30 assure that the handle 28 
will remain away from the valve opening by friction- 
ally "biting" into the flexible tube 22. 



25 bodiment of the invention is shown bonded within a 

flexible tube 32. The valve has a tubular portion 34 



section and closed end 38. An elongated, generally 
rigid handle 40 extends from closed end 38. It has a 

30 plurality of projections 42 which frictionally contact 
the interior of tube 32. The closed end 38 has an 
annular zone of weakness 39 to aid in opening the 
valve. Extending parallel to the longitudinal axis of 
handle 40 from the portion of the handle carrying 

35 projections 42 is a generally rigid, elongated member 
44 which aids in tearing away at the zone of weakness 



Referring to Figures 7 and 8, an alternative em- 



with a conical section 36 thereof of reduced cross 
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39 by giving leverage to the patient to break the 
valve open. It is easier for weak or elderly patients 
to open this embodiment of the valve because of the me- 
chanical advantage gained by the member 44 and annular 
5 zone of weakness 3 9 . The tubing 32, as in the previously 
described embodiment, is bent back upon itself to cause 
generally rigid, elongated handle 40 to "walk 11 toward 
the proximal end of tube 32, 



10 a flexible tube which can be easily manually manipulated 
for the purpose of opening the valve to allow flow 
through the tube. The valve remains in the open 
position by means of projections on the rigid handle 
of the valve "biting" into the flexible tube. In addi- 

15 tion, because of the design of the valve, a simple 

method can be used to effect its opening by bending at 
the junction of .the handle and the closed end of the 
tubular portion. The tube is bent back upon itself to 
cause the generally rigid handle of the valve to move 

20 or "walk" away from the tubular portion of the valve. 
Thus, the valve of the present invention has an impor- 
tant advantage of simplicity in design in using fric- 
tional contact to remain open. It also has the advan- 
tage of a simplified patient method for opening and 

25 assuring the continued open position of the valve. 

While the present invention has been disclosed in 
connection with the preferred embodiment thereof and an 
alternative embodiment thereof, it should be understood 
that there may 'be other embodiments, which fall within 

30 the sphere and scope of the invention as defined by the 
following claims. 



The present invention provides an improved valve in 
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What is claimed is; 

1. A valve inside a flexible, circular tube 
which comprises: 

(a) a tubular portion having a closed end 
to prevent fluid flow in the tube; 

(b) a handle extending from and integral 
with the closed end of the tubular por- 
tion; and 

(c) outwardly extending projections on the 
handle having sufficient frictional 
contact with the circular interior 
surface of the flexible tube so that 
after separation of the handle from the 
tubular portion, the handle can be 
moved away from the tubular portion and 
remain in any selected position in the 
tube, away from the tubular portion, to 
assure uninterrupted fluid flow. 

2, The valve of claim 1 further comprising: a 
zone of weakness at the junction of the handle and 
closed end whereby a portion of the closed end is 
removed upon separating the handle from the closed 
end, removal of said portion of the closed end opening 
the tubular portion and permitting fluid flow through 
it and the tube. 

3. The valve of claim 1 in which the tubular por- 
tion is sealed to the inside of the flexible, circular 
tube by heat bonding. 

4, The valve of claim 1 in which the tubular por- 
tion is sealed to the inside of the flexible, circular 
tube by solvent bonding. 
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5. In a peritoneal dialysis solution container 
having at least one tube communicating with the interior 
of the container, a valve positioned in said tube, the 
valve comprising: 

5 (a) a tubular portion with a closed end wall; 

(b) an elongated, generally rigid handle 
integral with the closed end wall; 

(c) a zone of weakness at the closed end 
wall to enable the opening of the closed 

10 end wall by manipulation of the handle 

from outside the tube; and 

(d) projections on the handle frictionally 
in contact with the interior surface 
of the tube to enable the valve to re- 

15 main in an open position after the 

handle is broken away. 

6. The valve of claim 5 in which the elongated, 
generally rigid handle has extending therefrom, paral- 
lel to the longitudinal axis of the handle, a rigid 

20 member to ease separation of the handle from the 
tubular portion permitting flow in the tube. 

7. In the combination of a dialysis solution 
container, tubing connected to the dialysis solution 
container, the tubing connected 'to a catheter implanted 

25 in a patient's peritoneal cavity, and a valve in the 
tubing, said valve comprising: 

(a) a tubular portion with a closed end wall; 

(b) a handle extending from and integral with 
the closed end wall of the tubular por- 

30 tion; and 

(c) outwardly extending projections on the 
handle having sufficient frictional con- 
tact with the circular interior surface 
of the flexible tube so that after sepa- 
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ration of the handle from the tubular 
portion, the handle can be moved avay 
from the tubular portion and remain in 
any selected position on the tube, away 
5 from the tubular portion, to assure unin- 

terrupted fluid flow, 

8. The valve of claim 7 further comprising: a 
zone of weakness at the junction of the handle and 
closed end whereby a portion of the closed end is re- 
10 moved upon separating the handle from the closed end, 
removal of said portion of the closed end opening the 
tubular portion and permitting fluid flow through it 
and the tube. 
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AMENDED CLAIMS 
(received by the International Bureau on 25 March 1981 (25.03.81)) 

1. A valve inside a flexible, circular tube which com- 
prises: 

(a) a tubular portion having a closed end to prevent 
5 fluid flow in the tube; 

(b) a handle extending from and integral with the 
closed end of the tubular portion; 

(c) a zone of weakness positioned whereby at least a 
portion of the closed end is removable by rnani- 

10 pulating the handle to separate said closed end 

from the tubular portion, to permit fluid flow 
through the valve; and 

(d) projections radially outwardly extending from the 
handle, said projections having sufficient fric- 

15 tional contact with the circular interior surface 

of the flexible tube so that after separation of 
the handle from the tubular portion, the handle 
can be moved away from the tubular portion and 
remain in any selected position in the tube, away 

20 from the tubular portion, to assure uninterrupted 

fluid flow. 

2. The valve of claim 1 in which the tubular portion 
is sealed to the inside of the flexible, circular tube by 
heat bonding. 

25 3. The valve of claim 1 in which the tubular portion 

is sealed to the inside of the flexible, circular tube by 
solvent bonding. 

4. The valve of claim 1 in which said zone of weak- 
ness is at the junction of the handle and closed end. 

30 5 . In a peritoneal dialysis solution container hav- 

ing at least one tube communicating with the interior of 
the container, a valve positioned in said tube, the valve 
comprising: 



WO 8J/0U05 



15 



PCT/US80/00806 



10 



(a) a tubular portion with a closed end wall; 

(b) an elongated, gen erally rigid handle integral with 
the closed end wall; 

(c) a zone of weakness positioned whereby at least a 
portion of the closed end is removable by mani- 
pulating the handle to separate said closed end 
from the tubular portion to permit fluid flow 
through the valve;, and 

projections radially outwardly extending from the 
handle, said projections frictiorially in contact 
with the interior surface of the tubeyto~~enable 
the valve to remain in an open position after the 
handle is broken away. 

6. The valve of claim 5 in which the elongated, gen- 
15 erally rigid handle has extending therefrom parallel to the 
longitudinal axis of the handle, a rigid member to ease sep- 
aration of the handle from the tubular portion permitting 
flow in the tube . 



10 



7. In the combination of a dialysis solution contain- 
er, tubing connected to the dialysis solution container, 
the tubing connected to a catheter implanted in a patient's 
peritoneal cavity, and a valve in the tubing, said valve 
comprising : 

(a) a tubular portion with a closed end wall; 
5 (b) a handle extending from and integral with the 

closed end wall of the tubular portion; 

(c) a zone of weakness positioned whereby at least a 
- portion of the closed end is removable by mani- 
pulating the handle to separate said closed end 
from the tubular portion, to permit fluid flow 
through the valve; and 

(d) projections radially outwardly extending from the~7_ 
handle, said projections having sufficient fric- 
tional contact with the circular interior surface 
of the flexible tube so that after separation of 
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the handle from the tubular portion, the handle 
can be moved away from the tubular portion and 
remain in any selected position in the tube, away 
from the tubular portion, to assure uninterrupted 
5 fluid flow. 

8. The combination of Claim 7 in which said zone of 
weakness is at the junction of said handle and closed end. 
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STATEMENT UNDER ARTICLE 19 



The above amendments to the claims are made in order 
to improve the text of the claims, and also in response to 
the references cited, providing further distinctions 'from 
the cited references. 
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